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Natal homing in juvenile loggerhead turtles (Caretta
caretta)
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Abstract

Juvenile loggerhead burtles (Caverta carerta) frum West AHlantic nesting Beaches ocoupy oceanic
(pelagict habitats in th Atlantic and i whereas larger juvenile luriles
occupy shallow (neritic) habitats along the continental coastline of North America. Hence
the swilch from oceanic to nevilic stage can involve a trans-oceanic migration, Several
researchers have suggested that at the ond of the oceanic phase, juveniles are homing ko
feeding habitats in the vicinity of teir natal rokery. To test the hypolhesis of juvenile
haming behaviour, we surveyed 10 juvenile ferding zones across lhe eastern USA with
mitochondrial D‘\IA cr.mLml region sequences (N = 1437} and compared these samples Lo
source | L i m the Alantic OLe.m and Mediteranean Sea &V =
%5!. The results indi hall but significant, ity af nerdtic j il
(B = 00083, £ = 0016}, and haplotype frequency d.lffemm:u were significantly curmlahcd
between coastal feeding populations and adjacent nesting populations (Manlel leat Rt =
1152, T' = 0.001). Mixed stock analyses (using a Bayesian algori indicaled Hat | il
wecureed at clevated frequency in the vicinity of their natal rookery. Hence, all lines of cvidence
supported the h}upnﬂl( w15 0f juvenile llommg i loggerhead furtlcs While not as precise as
the haming of | ing adulla, (his t less places juvenile kurtles in the
vicinity of their natal nesllug colonies. Seme of the coastal hazards that affect declining
nesting populations iy alsa affoct the next generation of turlles feeding in nearby habitats.,
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23a). Far posthatchling tartles departing the necling

fbatiuction Teaches of the western Allantic, this neeanic habstatinclucles

Liggechend turtles luve bwa distinet juvenile stages, (he waters azound the Avonesand Madcira, and the Grand Banks

first being an oceanic stage aftar halelueg (Care 7907 Bulten ixewrtonrdlend, Canadal, as well a3 the Mediterrane.
Sea (Dolen o el 1598 Lavrent of ef. 199H; Holben 20000;

3. Fopak LatCassella =t a A,
iy span & decade (Bjorndal et al. 2000, 2003, most alder
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juveniles enter a nerilic (benthic feeding) stage, in which
they corsume hard-shelled invertebeates b shallow habilats
of tve western Atlantic {30dd 1988; Bobten 20036). Wherss
the juurney from nesting beaches to oceanic fuvenile hahitat
iz Jargely mediatiel by passive transsaort, the rebum Lo may
include actve avientation and swimming (Bolten 2KGah.
Upon reaching sexual imaturily, fenale lopgerheads make
reproductive migrations tobreed and nest in the vicinily
u their natal beach (Bowen cf al, 19631 Male loggechesds
iy ke a similar migration to breeding arcas near their
natal beach (see FisSimmons o ol 1997 1), Henee homing
bebaviour is widely accepied for the repriductive migea-
inms of sdulls. This raises the question of whether fuveniles.
alsa exhibit homing henavivue during their eaihs-cocanic
mrigration. Genelic markers nold considerable promise fur
addressing this issue, As 2 consequence of natal haming
by femalis, mos nesting pooulations are distinguished
by differences in the frequency of mitochondrisl DNA
(it INAY haplolypes (Boven of of, 1594 ncalacds ebai.
1998; Hatase t nl, 2002a). 1k is posaible Lo wse these natural
grnetic “lags’ o Tesclve Fe arigin of feeding populationa,
even when the feeding population is a mixsire of turtles
From several smaroe nesting populations (Dewen 193, 200G,
Mixed slock anaiyses have been used b mondlor saloon
for over 201 years (Grant efal, 1900, but this methodelogy

s e r! {4 { Guintana o
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Fig, 1 Map indicating the lacition of sample rekeses snd
famaging graunds in Wasth America. For abbezviatinns s Tables
1 and 2. Divisiora Fetween EL-MA aovd Fl 54 and betvecen TL-HG
and FLAG are iulivshed by dar aam at Cage Canaveral aisd
Tuampa By, wspect ey

{henming towrsrds nasel location} wonlr ey the sypeclation

has seldom been applied Lo alher {Broderics
ef al, 19%4; Epifanio cal, 19495 Wirgin e al. 1997},

Previons meDNA studies by Norrgard & Graves (1996,
Rankin-Baransky e ol (2001), Witzell of 2l (20023, Fngitrom
et il (202 and Dass efal. (20047 eoncluded thal sontrbu
fioms to juvenile loggeshead habitats are nfluenced by the
size of regional sourceinesting) populations. The very karge
roakery in southern Floridhs contribules most of the re
stage | furtles [eeding along shis const, with smaller but

comiributi Lhe rookeri the Yueatan
peninsals, Gull of Medeo, and thi: Aiange states of Geargia,
South Caralina and Mol Carolina, The same {334 shudes
prompled authors to saggest that juvende lurtles may wmel
to fred in the wicnity of their natal nesting colony. Hence,
Lwo factars have been postulaled toesgplain the compusition
aof juverile lopgerhead fe-ndmg populations: size of soura:
i nd prosimity to the: 4, & third factor,
ma]Hmsod dl-tpe-sai nas been 'pmpost:d for luggeihead
juveniles in the Medimrransan (Cagala ef al, 2002).

These miDMNA surveys inveke the sossibility that
toggerhnd furtles have o distinet homing sugeations:
the spel 1k product i that brings adulis
back %o their ancestral breeding arens, plus a juvenile
anigration that brings noeanie migrants to ner g
hahitats near Lieir location of origin. If juvenile heming
ocours in the northeestern Atlantic, how precise s this
behaviaur? Do oldes favenile tirlles returm ko p broad region
of the wesstarn Atlantic, or do they send Lo recruis to feeding
rounds near their nickery of engin? The latter possibiliy

af nm genetic di ameng regional freding
cohorts, in partatlel with the genetic differences observed
betwisn nesting po'p.:lannns {Bongron et al. 1‘-'?31 T’-euouz
shadivsimvokesd the ol reerile b g (Mg

de Graves 1996; Rankin-B ko el al 2001; el
200 Wizl o gl 20020, I]owwr,.nl]:vfﬂwqun'e}!m
,und a -smgh‘ ‘eedu\s l.ahnat Ta e\mluﬂc the vesscly and

g bastinns

an:-oss e wrestern At mH:- ATE NECRISATY.

Here we survey the miDNA control region sequences
af 1457 neritic-freding individual fngs and live
captures) along the Atlanfic coast of Marth America from
Texas o New England (Fig. 1. We incurposste thiee
previcts surveys af jiveniles from this Tegion (Kankin-
Baransly el al. 2001; Witzell ot al. 2002; Bass et al. 20043 along
with romplementary surveys of regional nesting females
(Encalncin « al, 1998; |aurent et ai. 1958; Pearce 2001} by resolve
af neritic freding loggeriead populationsand Lo
assess the gite fidelity of poveniles. This aurvey is intended
torescive a gep in Jogeerhead life history, but the informa-
Lo &5 relevant to conservation strategics, as thousands of
juvenile loggerhead burtles are carught i fshing ear and
dredging oy Wildlife managers sised to know which
Deading populations in affecled by these activ

e

Materlals and methods

ples had baen provionsly collected frorn 465 feriales
oor progeny from Quinkans Red (Y ncamn Peningula, Mool

200 Blackweell Fablishing L, Moleczlar Elugy, 13, 97573508
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Table2 Juweni: foading popuiations, from biopsies n Korth Carolin, juser plant entrapment system (e = 106) aiul stran
thern Flerida, and strandings from evesywhire olss, 2 Sesenbed in Rankio-Baransky o

coast af

iz o the
20015, amed Witgel et al, (20021

Haplatypa

CGA SC NC Wa WE-|
&7 1 14 2 k) i an 168 143 Aan
55 i 2 4 28 i 1 k] i 53
m 1 3 i 1 1w 5 4 4 0
L
i 1 3 L L
4 z 3 2 L, a 1
1 1 1
+ 1 1
¥ ! % L 2 4+ 1 4
1
1 3 I 2 2
5 & 1 1 A ) 3
1
L
H Z 1 1 3
1
1
1142 53 a5 T4 L xm a5 256 255 151
Fual sequence desciphizng ase aea Lty b smuiledu cemtdrz bl A T3 = Teas, Bt
morthern Gulf af Mexiea, FLAG = Flaeida Penivauls, sowtem Gulf of Medes; FLSA = Florida Tenirsula, south
L 1 Atlantic crast; NI = Muth Carcling

ME-US = pustbesst USA including

Fighrries Science

Center in La Jolla, CA {Applied Dio-
systems Inc. models 577 and 51000 Cheonsatogrismns wers
aligned using SEQUERCHER 3.1 {Gene Coales, Incd. These
seruences were compared to previensly identitied
haplotypes from nesting and foraging locations (Dolten
ol al. 1996; Encalada ef al. 1998) and wers arsigried kaplo-
fype numbens hised on the weh site mainmined by the
Archie Carr Center for Sea Turlle Researcl (btp: &
werstrufledufcembding biml).

The meD A diversity among populaions was meaauzed
with ann analy

s of moleculas variance (amova) as imple
mented in arerguiy version 200 Schneider ot af, 2000). The
sama softwvare package was used to conducl a Mantel test
and b eatimate haplotype diverity, muclectide diversi
aned haplotype frecuencies (el 1967 Excoffier & Sarkn
15951, In all tests that roaquired estimates of saquence diver-
gence, the T el model of nudectide subslibuti
was employed (Taimura & Nei T993) The Man
fatiom [Ty values

“ of grmoric d

seven nesu\geol.ormc!CFLrNG,FL.-SG FL-5A, FL-INA,GA,
S, WO

st nf North
mattix, and soven proximal feeding zomes (-
mastrint. The cuzrelation between these ba matrices was

Table 11 elong, the continertal o

evalated with & permustion fest as descrihed by Smonse
sial. (198a) [n a related Lest, the frequency of the most
comminn Aty pe 00-AT was comprned Bebween s

facyland, Delavware, Mew Jersey, Sew ¥

r.esum,., ateas and adjprent feeding pupulations, ralmulating
Pearsom coctficient of determination (82 and
TEINE a prTRULtation test 30000 permulalions
ealonlate two-lalled signiileance against a null kype

af dat From mikip
populations) and multiple sources (nesting areas
s Hhes riesend nuns fur thee etfects of popala
Iud‘.:5‘oclcvt'].opa'.'m'iatianofstandmdBavesial
Tz powxend slock analysis (see Pella b Masuda 2001; Boelker
Bass ot al, 2004; Olwyrarna & Bolker 2005). Mixed
stock analysis normally eslimates the proportion of indi-
viduals ina single mixed stock contributed by each vF

A number of souree populations. In the current an: i
where wee had nuitiple seunoes and mu.np e mixed stocks,
we puted Lhe same al
aith sl stk comteibnatad by eack rokery—bit e

feding populati b Fur.a5||15

mndse&-pa.—nt&-l_\-nlsu assumed thatall fumgmg gromds
@ the same size. Bvan if we conld say that 37% of the
feding individuals in the norshesst USA snd 695 of those

EEC)
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in Soush Florida eriginated froon the South Flarida rockery,
we could not recessarily lnfer that rneee urfles from South
Flosdda go to the South Florida foreging ground, if the
northern forging ground hed a larger population, Cur
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of genetic diversity, haplotyps frequency comparisons,
F statialles, correlation coefficients and the Mantel test. Be-
cause uf the n'L1h\"‘|) sparse data from the mixved stocks,

| the ons to the mixed shocks in their

new method did not make this assumptios.

We van estiznate these parameters in @ straightforward
wary, if wee knonw the relative sizes of the rookertes and f we
make the that the total L neting
pnpulat b s e gapbe ferding populaticns are

o their size, i if the relalive sizes
{and lhe-re‘ore eovecall pmpnrhma] coneribuginns) of the
kr 7w +| Juation to ranslate
Datwreen the pavtitioning of mixed-stock tuetles according
o fheirnissing population of origin and the partitioning of
nesting population turtles according Lo heie mixed-siock
o (Herllter e . umpuabilishiod resalts), This procec:
W gan then be 2 into standard. mixed-stock
sitherina fikelibood or
fna Ha_\&:‘,'in;\ estimation mameseark; we hivve chosen a Bave-
sian framework bacause of its more accurate valeulaszon of
(Bolker ef 4l ﬁ:‘l:i) W can examine the
cstmates from e it Way,
a3 r]'zfmctlonsofcwhmxcd stocwsl imated 1o come from
eack souvee population {rockery), or, in the rew way, a5
the fractions of the total cansibution trom each mokery
estimated wtepresemu‘cacl\mmdslor_k The newr method

st

cumfidenes lind

Loy addsan * cabegary b the list of mixed stocks,
o fllenw for the possibility that some of the samplad rook-
el Lo one or more nied slocks

Drewiymativn of source papidabions for mied stock analyses

Tased on the population subdivisions defined by Fnealada
ef al. [19968), Lausenl ef i, (1998 and Pearce {2001, the nesting
samples (Tabhe 1 were grooped indo the fullowing souzce
populations for mixed stack analysis: (i) Flarida coastin the
northern Gulf of Meaco (FL-ING: 1 = 450 (ii) Soulh Florida
511, n = TS combining snuthern Atlantic and suuthesn
Gulf coasts of Florida (F1-5A and FL-5C in Table 13 (i)
rortheast Florida to Morth Carelina (NEFL-NC: n = 106,
comisining northern Atlantic coast of Florida, Geosgia, South
Cargling and Morth Caroling (FL-5A, GA, S0, and NCin
Table 1 (iv) Dry Tormgas, FLADT, = 585 (v) Chaintara
o, Yucstan, Mex:co (MX, & = 20); () Bahia, Brazil (BR,
# = 110 (i) Cireroe (G, 7 = 810 and (wiil) Tuskey (T =
32). These g’aupmq! are based ou slnnsncall}' o gtuhca'\t
ditferences in haplotype Additi

subdivisions almost ct"rrunly st tat cannot & :x- drhec-h-d
with the avasilalile mtDMNA ssquence information,

Deesigration af feedumg poprlitions for mived stock amlysis

Juvenile populatices from Texas lo the northeast U354
[Table 2) were aralysed without medification for dices

{0 2004 Blackwell Fiblabing 1.id, Malsendar Eoningy, 13, 37971806

fully disaggregaled form led Lo very wide sonfidence
lirils. We estimated the contritmtions to each of 11
“foraging grounds’ (the 10 foraging grounds represented
By the different dala sets In Table 2 plus an unknows
foraping ground) separately, butweala placed the resulbs
ity filur pronps Tepresenting a northem mived stock (N
FL-INA, GA, 5C, NC, VA, NELS in Table 2, a southern
mixed sbock [5: FLAA in Tihle 21, 8 Galf of Mesdoo mixed
stnck (G TX, FL-MG, FL-SG in Table 2} and an nnknown
mixec stock (nol shown). As well as considering Lhe
basic wstimate of contribution to each of the known
mixed stocks, we also considered the pallo of Lhe con-
tinns b the botal contributions o known stos
Ty I/IN + 5+ G) would fepresent the contribution
2z the Morthern slock relative to the combined Lotal of
uthern and Cnlf contrihutons!, In addition,
wi digcard ‘orphan” haplotypes, the haplotypes from
the feeding prounds thal were not ‘delecled by naaling
iz faplutypes CU-ATS, 1% 70 and 2% in Table 21

1 ne additional information

ahout ‘\c conmb ncns of nesting populations to feeding
grounds. The Indisiduals with ‘crphan’ hapl (=41
compirised less thik 1% oF the ovirl feeding grovnd
sample.

Results

T e sralysis f foeeling provnd s and nesting prpulations,
T8 of the 23 haplotypres reportesd for Athntic
]oggel head -'-ﬂ]a fTab]m land ") Haplolype diversity i
i ifirrm fh = D555
El 0‘4] 5 WAs mlcl.cotld.c dirversity (F = LT221 D0249Y, In
Eoth cases the Jowes! diversity estimates were from lecaticns
dovBlesrichs (Talbile 30
The test of population strscnire and natal hosming in
juvenile turtles consisted of three clagses of data analysis,
The Ilral was a comparison of haplobrpe distrimisions
amnuag 1 fesding 2ores slong the Atlarilic coast of Morth
Avrrerica, brom Texas to bassschusett, These feeding zones
d to 1S states and federal reginmes,
uu.h.n]lng Teanas, four zovnes around the Florida peninsula,
Goorgin, Sowth Caroling, North Carolina, the seesonal
feeding habitat in Virginia, and the stasonal feeding habi-
tat froen Maryland Lo Massachusetts (Fig, 1), Results of
axgova indicated that Juvenile turtles wers not randoaly
distributed among these regions: 9y, = 0.0088, This value
was low on the smle of population genelic separations,
Tout was sigraficant in permutation tests (£ = 00T6L When
ues the seven fesding grounds that are adjacenit 1o con-
linental nesting colomivs {FL-NCG, FL-BG, FL-SA, FL-NA,
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Talble 3 Fepding habitat divessiiy estinales, inchuding baplodyps
duversity (£ and rrclentide diversity ()

Mucleotice
Alvarsity (e

Haplotype

Habitat

1.635=0.025 04024422 0.01247
0.608 = 0086 002475 = 001230
Ui = LIS 214+ LIT155
L6716 £ 0.024 002952 1 0.01273

002380 2 0.01227
063020024 202451 = 0.1

06222 LLES

BT R R
L5792 0023

Albreviationg ane dsfed in Tables 1and 2

GA, 5C, NC in Table 2) wiens compartd, the cormspunding
values were somenwlial higher: @y .= 00164 (P < 00061 The
same comparison with conventional Patatistics (which
o ot include the divergence between haplobpes! yicided
a lower hut signifieant valee (Fop= 00070 P = 0.035)
Hence our first conclusion is that venile lnggechesd
turtles are nol distributed randoml\-' among feeding
hahitats.

Crur second approach was an assessment of haploty pe
Ereyuenciss al nesling populations compared ho adjroeat
(uwenile) feeding populations. The fequency of the mast
comenon haplobype (CC AT at the seven nesting popula-
tions was signifeantly correlated with the frequencies at
the seven adjacent feeding populations (2= 0,83, P = 0.045;
Fig. 2. Given that cur dita matrives included obly seven
values, e significant outcome was especinlly compelling.
A Martel test of genetic dislances (9 values) among
iha seven nesting colonies (X-mistriv) v, genetic disl

Prapesion of GOA-1 in Rassesy

08570 D40 048 080 053
Prapertian af GOAT in Feading Graund

Tig. 2 Relaticnship between e freusncy
sarven juvendle fieding arens Aot seve
“The pesulting currelabon (8 = D) was signifie

haplutype CC-41 i
esiing, benches.
t 2 =ili48,

Mogtharn, C.08 = 1/ L1 for Soushern, and 127 = 317 for Gulf
{this denorsinator of 11 ladludes ‘10 feeding populations
Flus the "ather’ categary, not shiswad, Furllesmors, the 2.5
and 97 5 percentiles of the posterior contrihutinn for many
of the stocks ranged [vom nearly zero to a proportional
conipation above 003 In Fact, none of the reckeries alone
showed ‘significantly’ disproportionite contributions 1
thi wlosest lumped mixed stocks, where wE dch-u- -.ugr.-
fianceasa 25 il oof e pelati

than 053, 0:09, orEl.Z'?, respertively facconding Lo the parti-
tioning dizcuszed abovel Nevertheles, there were pal-
foms in rhe- resulis: the NEFL-INC appearad to contribuge
4oy the Morthern mixed stock tmedian

amnng seven feeding populations {Y-matrix) produred

highly signiticant nealbs (&2 = 0,52, F = 0,001, Approxim:

ately l\a].f uf the genetic divergence among juvenile feding

L lated to genedc di © Among
nesting popul These twa ¢

ha_-zh p‘n vided strong suppoﬂ tor oo second <x>m.lusnon

that hapioty pe distel in juvenile feeding p

are significantly influenerd by the composition of nearby

nestizg populations.

Third, the results of the Bayeslan mizxed stock analysis
showed that nesting populstions did indesd conriture
more to neighbouring mixed stocks than to distant mixed
stacks (Tables 4 ami 50 —ur innal teckeries, the difa wers

t inations uf nerilic juveniles
with certainty. The mean and median estimates of the
fraction going b any one of the three (umped) mixed
stocks were close to proportonal b the wumber of faraging
grounds inchaded in the mixed stock: 155=6711 Jor

. n,LE\ percentile 0495, null expestatinn 155), and South
Vlorica contribaated slightly move to the Guif mined stk
imedian 033, 2.5 percertile (113, null .25, In he disaggre:
gated resulls (eeating each fecding aren seprrataly; data
not shownl, structure was reflected in slightiy enhanced
contributions (= 10% over an expecled proportionsl con:
tribution of 1%] from South Florida tm 1%, FL-8G, GA
and ¥ A from Mexicn o FL-NG, FL-5A and $C; and from
WEFL-MC to Wi, WA and ME-US {see Tables [ and 2 for
abbreviations].

Laxaking at the vesulls In & more traditional way, as the
fraction of cach feeding groend population contributed by
specllic rockeries [Tatle 5, the estimated contribations
wrre as expected) dominated by thi size of the cantribut-
ang rookeries: the three aggrésate feeding-ground popula-
tions were cxfimated to have 82-00% conmibutiony from
the Jarge rockery in south Florida. The mamn concusion t
Graw from Table 5 is the very amall contritnition of mokenes

£ 204 Blackwell Fubl Lerinr Eeofugy, 13, 37573508
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Talsle & Rigslts of siserd sios analysis: fren cack toakery contrianted (o apeified Erounds
5 97.50
Rankery Mean D [reEraenitite Bedian perreatile
FL-NG A2 U3948 03208 D02 LHTTT
ST 20 796y 002518 L0632 0,293
02926 215376 244 2760 0.5909
GFL. 0&058 0.1203 05474 IRATS U455
IR QAL 001028 1104359 A159%
DERRY 918 019 Q.32 Q.578
X [EGE 07498 04827 0.7207
02031 e LE] 0, 1543 Q1
03051 (5 erol 3007 05535
MNEFL-RL Murth 07514 0438 LR 99262
Hanib [0 FAd= 10+ a.ne a)077
Culf DEIA 00EsT2 0.4723
CT Marth 0376 0.6596
Sauth. 1izas 03451
Cule 7421 1254 L5920
GR Marth 0292 1E051 24571
Sauth. noeeral 0074485 QSR
Coult COFEST Q28R [LE e}
HE Noilh 03075 DLELT 0.B55G
Sauth Looeny 2.35067 Q347
Culf LRECE] (R ] AT 057005
= Marth QAR (i bierhe 5598 5611
Suuth: Q135 CO0EATL 207512 02403
Gule 2137 0773 0.2521 06066
Abkreviations: FL- MG, narthwest Flazida; SFL, sauth Flarda; NEFL NC, nartheast Flanda ta Morth Caralis 3T, Ty Torlugas; WX,
Mexica; BR, Brazsl; GE. Greees: TR, Turkey.
outslde the northwest Allantlc {Greece, Brazil, ard e ;
Tkl Drsipiter thisis nun-megligibie s, we showed St Rl
thes2 rookevies provided at most (55% confidence Llimit) Previous have reveated that Joggerhead hurtles

about V5 of the turtles inour focal mixed stocks, (Sinee
Table 4 shaws the partitioning ameng mixed stocks of the
total contribution o northwest Allantic feading habitals, it
cannot provide this infosmation).

The nesting colonies designated hore as source popu-
Lationg repeesent most [but not all) of the knowin resting
effert in the Aflantle—Medilerranean systern (Ehrhart ef al.
2003; Margaritoulis et al. 2005, Imporkant nesting effors
ooou in Cuba, Cape Verde [slands, and along the coast
uf Afiea, bub could ot be Included fora variely of Logist-
ical reazans. Furthermiore, additianal nesting colonies may
awail diseovery in undersurveyed regioms, [t 15 impormnt
o ber these lmitat when f L an inter-
pretation of mived stock analyses. However, muse than
W of the haplotypes observed in juvenile populations
lexcepting . CC-AT8, TC-ATY, CC-AZZ, CE-AZE a=d)
cuaald be malehed Lo haplotypes in nesting populations,
providing at least a gqualifative sssurance that most of
the genedic diversity was captured in the existing rookery
samples.

£ 2004 Blackwell Puktishing Ui, Mudssaler Ezalapy, 13, 2797 3000

rrasy Lo entire ovean basios during their posthatchling
phase {Rowen o al, 1985; Bolten of f, 1958; Resendiz of ol
1%33; Michols et al. 2000; Alfaro-Shigueto ef al. 20041
Juveailes from niesting beaches in the nodthwest Adlanlic
inhahit oocanic zomes arcand the Azores, Madeirs, Grand
Banks (Mewfoundland, Canadal, off the coast of Africa,
and  hreughout the Medilerranean Sea (Bolten 200323
Laurent st ol (1998) demuonstrabed that about hali of the
aceanic st uveniles in the Meditermanesm originatel oo
beaches of the western Atlantc At the samne time, the elder
seritic-stage turtles i the Mediterranean induded little
07 0 confTibution from the western Atlantic (Lacrént o al.
1958}, [n.other words, by the time these Aflantic loggrshends
awitch from pelagic to nerilic feeding, they have departed
the Meditermnean and reappear in continental shelf habibats
o the other side of the Atfantic. Motally, the swdnch from
oooamic tn meritic stages s not immatable, as both older
ruveniles and adults can rehurn to oceanic habituts (Fokert
& Martivs 1989 Hatase et al. 2002b; Witzell 2002, Balten
2003a).
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Table 5 Hesulis af mived stack analysis: propartions of sach beeding groimd contrhuled by specifisd roakerics

Feeding 250 9750
grownd Roukzery Moan sD pervenlile Madian percentile
North Fl-Mis 0004262 rCze4z ROGHEL DT 00148
SFIL 08645 LTS LAY 09133
Mx oo 006148 001882 [iTEcelE]
MEFL-NC 01014 02579 o 01514
L 0002588 A 002579 017
R 0001355 (L0MES 0031054 DEOET
R RED 1 LR ER T34 < 10-4 DEOGE
TR B F5ax 1= 4T1= 04 0C0EM4
Soutn HTLEE]
nas2
il
03336
ULLO4AIT
aumnsz
BT 2104
LNIZFS 5.64 = 104
Gul 7] 000677 aa218a
[CE R QU104 28611
0015 52 0.25865
00528 [liLs] 1372
DOOISTE 0AN252 017989
TUTET 43 957 104 0007048
D4R G5 %104 0035034
6232104 B2Ix 104 AR [
NEFLMC i e nasting heaches o nortease Flerids, Ceorgia, South Caroling snd Nerth Caroling, Other sbbrmesbars

aze descsied in Tables 1

Thures analyses were conducted fo test for pepulation
by nns and natal heming behaviour in juvenile
lopgerhiead turllas of the northeesl Atandic: (i) an asova
fur juvenile feeding populatinns (., = LSS £ = 0.016;

classes, from new neritic-stage recruils tooolder turlles
appreaching maturity. A thled qualification is that we have
nit smpled the entice mnge of feeding habisat in the
northww Atlantic {zee Engstrom ef al. 2002). Given thase

(i} correlation statistics to compare genetype feguency
dilfzrences in resting populations vi. adjacent feeding
popukstivns (Mansd /2 = 0.53; 2 = 0001, and (i & mixed
stock analysis using Dawesian mthuc[oloqy All thres

pproaches lndicale a dom distribution of juvenile
furtles, andd a significant relationship between nesting
colonies and adjacent feeding populations. Collectively
these analyses yield substantal evidenes of natal homing
in developmental migrations. Tagging studies, indicating
nigh site Rdelity in juvenile turtles on the Allantic ooast,
inditectly suppart this conclusion (Avens el 2005
Hopkins-hurphy o al, 2003}

Cnse caveal bo these concl Is Mhat the la

we uaulln-\ hat the .ﬁ‘fmltl' de-nnbnd here
betwesn nist ivs and adj

does nat \mn‘nlv eoctenid beyonad t]'c comtimen|
Worth America.

shelf of

Topulztion siructire and n,"ekmaagr enplications

L the 5 TP AR | :

! fraetles
aw‘Jtch to pnmanlv rm"uc, benthic iclﬁ.gmgha‘maw Thise
nertie foraglng habllals may be a great distance (rom e
octitnic habstats, from Haji Califirnia fo Japan, frexample,
o from the Az:m:s to the eastern coast of North America,
Whereas Ll i o coeanic feeding areas i

statistics are based on  schaet of the entive datahase, spes
cifically the seven nesting locations along the continental
ruastline of the southeastern USA (Table 1), aad theis
ons [Table 20, A second caveat is
uils may have included a few small
aculrs, amd cortainty inehuded & wide rangeof fusenile nge

itabisd by passive dri

ki 2, the return trip may inchide
active swimming. Umer jirveniles Tenim to theis region of
arigin and switch to benthic feeding, they may occazionally
retiszn b a pelagic feeding mode, as indicaled by satellile
telemetry, stable isotope mtios and tag setums (Hekert
& Martina 1989, Hatasa ef al. 20020), Tuvenile turtles make

£ 2004 Rlackwell Tublishing Lad, Maleoilar Coology, 13, 5797 -2808




seasunal migraliong into temperate habilats (such as
thr uo:meast us cmst), am.‘] adulis make reproductive
over R nf (rimpus ef al.
1592, Schroeder st al. 2003) We conclude that the cainplex
life history of loggerhead rirtdes may include two hioming
muigrations. ‘The first iz a wigration from cesanic habilat
{often thousands of kilormetres from the nesting beack) fo
the: region of origin. The scoond is the eyelic reproductive
migration fmm adult foraging labitat o courting grounda
and resting habitat
uranalyses demonstrate that there is genalic structre
among feeding ground populations and that this genelic
strurture 28 spatially comelated with fhe genetic slrctune
of nesting populations. The technique that eornes clozest
Lo answrering our specific question—how the contsibution
ot roakeries 1o foraging grounds i partitioned—reults
in wide confidence intarvals, but with some eomsistent
trends. Ficst, there iz liltle contritagon foom ssayed nesl-
g eolomics outaide the nncthweest Allansic (the parameter
Eiving relative contributions frorm outside the nurthwest
Allantic hns o mean of (003, with an upper eonSdence limil
ef(111), Second, there sre indications (supporting our sim-
pler analyses nf correlation in frequency of the demirant
haplutypel of targeted contributions from rookeries to
nearby fesding grounds, especially from the south Frrida
rovkery to foraging geounds in the G of Mexizo and
from Atlantic rockeries (NEFL-NC) # Afiantic forsging
habitats. However, no roakery—foraging sround paic ach
ally shews significantly greater contributions than @ pro-
portionsl null model. Mixed stock aitalysess do niol aliow
strong hasions at this level of Whale this
limitation can parlly be overcome with 1more data, some
of it s inherent in the overlap of haplosype profiles
amoag soakeries and foraging grounds, We are working o
incorporate spaial struckare into the framewnrk of mived
stock analysis, so that we can mere puwerfuly est soecfic
spatial hypotheses (Delker ei ul. unpublished sescit),
Marire mrles have o complex population structure,
with lower levels of population differentiation in nuclasr
DN A assays relative Lo mtDNA assays (Kail et ul. 1097;
FieSimmons ef al. 199, 1997; Pearce 2001; Koherts of af,
2004, Superanpesed on fhis patlesn ane the life hislory
alages of Inggerheod turdes, with varying degrees of prapu-
lation structure. Ocesnic juveniles are well mixed in the

North Allantic {Holtm shal. 1998, L.:l‘xscu.a et al. 2004;

JTUVENILE LOGGERHEAD HOMING 3805
will cectainly influence the distribution of juveniles. Hopldns-
Murphy et al (2003} demonstrate that larger juveniles
dominate the feeding habimatin the sastern Gulf of Mevico
(FL-MC and FL-S00, while smalier juveniles are more
prevalent fn the peripharal and seasonal habitats of e
western Gaulf of Mexics (TX) and e tortheast USA. Ana-
Lyses uf haplolype distributions among size classes may
prave fruitful in teasing apast Hiese additionsl 1fehistone
mponents.

Nolably, o life stage in North Allandic loggerheads
Famaing 1o be evaluated with mtINA surveys: the adult
feeding populations. Litte is known about adult fecding
halulatw bt ifor loggerneads nesting in the soulhesst
LA} shey incl e wites along Lhe sast coast of Gie USA, the
fahamas, Cuba, Gulf of Mexico and Carilbean Mexico
(Hopkins-Murply of al. 2005; Schroeder & ol 2003, T will
be infarmative o survey the adule enbiorts and determire
whather they o segreaate un fueding grownds, I wold
450 be infarmative to Lest the fvenile homing hypothesia
da nther regions Mediterenean Sea, Jepan), and in ather
sen rurtle species.

Canzersation rmplications

The finding of sianificant population struchire in uven-
ile loggerhead bustles carries some implicalions for
dlife management. The hazards that affect brecd-
ing pupulations may alse have an impact on the next
grneration thal is fm-ding in mearby waters, However,
heming is not absolute atud eonsid, T

as well. The sranding data from T‘exas and the northeast
LS4, where nesting is sparse or absent, illustrate it
ferding population: exrend far past the regional nesting
habibst {Fig 11 One conssuence of this widespread
furaging 38 that juvenile turties criginating in Yucatan
Iexice are ferding in US waters [Table 5. We suspect the
converse 35 true (Table 4). This finding invokes the pro-
visinng of the 1982 Unitedd Nations Convention on the Law
of the Ses, in which nations that host the develop-
mentel habitat for migratory maring species hold Fighing
sights for these animals en t1e high seas (Van Dyke 19530,
The 1983 U Convention on the Conservation of Migralory
Species false know as the Bonn Convention) probibies
taking endangered s picies during migralions on the Hgh
sens (Hykle 19432] Under the principles outlined in these

P Dhattem e

ern Atantic sul

inlerpat nations that host nesting and
Jevrel habitats for marine turtles have some

level (0 = G, £« 0.01); and ourncspcmd.mﬁ nesting
populations are highly structured (@, = 0.27; 7 = (L0001 for
the seven mnmue--s < umpamd to adiacent ferding cohovis).
o the

T this shady we consider two primary &
of nerlti-stage : the size of th

pepulations and the proximity of uvenile feeding habitat

to these sourcs populations. However, addmnml factors

£ 3004 Dackvecll Publishing L, Molessiar Ecalogy, 13, 3773508

]l:wl o( jurisdictinn pver these animala on geogmphically
remote feeding grounds, even if those feeding arounds
are within the terrilorial boundaries of another nistion
Activities in US waters can deplete an embatlud rokery in
Meaxicn, and notivities in Meico could have an impact oo
nesting po i the southeastern LSA,

Provisions of international Law appiy hese,
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